Background: The optimal treatment for stage IIIA-N2 non-small cell lung cancer (NSCLC) remains controversial, and multidisciplinary team approaches are needed. Downstaging after induction therapy is a good prognostic factor in surgical patients; however, re-evaluation of nodal status before surgery is challenging. The aim of this study was to evaluate the prognosis of patients with multi-level N2 NSCLC who received surgery or chemoradiation therapy (CRT) according to restaging using endobronchial ultrasound-transbronchial aspiration (EBUS-TBNA).
Introduction
Stage IIIA-N2 non-small cell lung cancer (NSCLC) is a heterogeneous disease with a broad spectrum of clinical presentations, and prognosis is based on mediastinal N2 nodal status. The standard treatment for multi-level N2 NSCLC remains controversial. 1 Chemotherapy and radiotherapy alone or in combination can prolong survival in patients with multi-level N2 or bulky N2 NSCLC. 2, 3 Surgery and adjuvant or neoadjuvant chemotherapy are associated with better survival than surgery alone; 4, 5 however, the presence of residual N2 disease after induction therapy is a contraindication to surgery because it is associated with frequent recurrence and a poor prognosis. 2, 3 National Comprehensive Cancer Network (NCCN) guidelines recommend chemoradiation therapy (CRT) in patients with multiple pathologically proven N2 nodes > 3 cm; however, the guidelines also recommend surgery in selected patients with multiple N2 disease who respond to induction therapy. 6 Several studies have reported that patients who achieve mediastinal downstaging after induction therapy have a survival benefit from surgery compared to non-downstaged cases. [7] [8] [9] However, these results are based on data from resected specimens after surgery, and restaging of multi-level N2 patients after induction therapy to select surgery candidates remains difficult. Imaging studies used for restaging, such as chest computed tomography (CT) and 18 F-fluorodeoxyglucose (FDG)-positron emission tomography-CT (PET-CT), are readily available in the clinical setting. However, their sensitivity is low and the results may be misleading or lead to overdiagnosis. 10 Repeated mediastinoscopy after induction therapy is invasive and often inaccurate; 11 therefore, endobronchial ultrasound-transbronchial needle aspiration (EBUS-TBNA) has become the method of choice for restaging because of its safety and accuracy. [12] [13] [14] We investigate the prognosis of multi-level N2 NSCLC patients treated with induction CRT with or without surgery according to the results of EBUS-TBNA.
Methods

Study subjects and study design
This study was a single center, prospective study conducted at Asan Medical Center, Seoul, South Korea, between October 2012 and July 2015. Patients diagnosed by chest CT or 18 F-FDG-PET-CT with multiple N2 NSCLC were initially screened for the study. All patients underwent EBUS-TBNA to confirm N2 at initial diagnosis, and 16 patients with positive multi-level N2 according to EBUS-TBNA were enrolled (Fig 1) . All included participants received induction CRT. Three weeks after induction CRT, the patients underwent repeat EBUS-TBNA for restaging N2 nodes that were positive at the initial diagnosis. However, biopsy was not performed when the enlarged lymph nodes were not observed on EBUS. Patients with persistent N2 disease were scheduled to receive additional radiation therapy or chemotherapy, whereas patients with N2 downstaging were scheduled to undergo surgery. Definitive CRT was performed in patients with persistent N2 disease after the follow-up EBUS-TBNA. However, the medical team decided to proceed with surgery for two patients because of a significant reduction of tumor burden in the follow-up image study and the patients' own preference. Informed consent was obtained from all patients and the Asan Medical Center Institutional Review Board approved the study (2011-0399).
Methods
Patient demographics and baseline characteristics were collected. Survival data for all patients was prospectively collected after each follow-up visit. The convex probe EBUS was used to perform EBUS-TBNA (BF-UC260FW; Olympus, Tokyo, Japan). A dedicated 22-gauge needle (NA-201SX-4022; Olympus) was used for all needle aspiration procedures. Induction chemotherapy consisted of at least four cycles of weekly cisplatin (20 mg/m 2 , intravenous infusion) and paclitaxel (50 mg/m 2 , intravenous infusion). EBUS was performed under conscious sedation and lidocaine was administered for local anesthesia. After initial airway examination using a flexible bronchoscope, EBUS was performed. Lymph nodes confirmed by imaging were located by ultrasound assessment and TBNA was performed through a 2.2 mm working channel in the bronchoscope two or three times to obtain a sample. To avoid contamination, biopsies were performed from distant lymph nodes that were highly suspected of metastasis on chest CT or results, while stable or progressive disease in CT and stable or progressive metabolic disease in PET-CT were classified as positive results for diagnostic performance evaluation.
Study outcome and statistical analysis
The primary endpoint was progression-free survival (PFS), defined as the date from the first EBUS-TBNA procedure to the date of first documented disease progression or death from any cause. Locoregional PFS (LRPFS), defined as the date from the first EBUS-TBNA procedure to locoregional recurrence, was evaluated as the secondary endpoint. Study outcomes were assessed in the intention-to-treat population, which included all patients registered. All values are expressed as the median AE range for continuous variables or as percentages for categorical variables. Mann-Whitney U tests were used for continuous data and Fisher's exact tests for categorical data. The sensitivity, specificity, positive and negative predictive values, and accuracy of EBUS-TBNA, chest CT, and PET-CT were calculated on a per-person basis using standard definitions in patients who underwent surgery. The distribution of PFS was estimated using the Kaplan-Meier method, and differences between groups were assessed using the log-rank test. All statistical analyses were performed using SPSS version 21.0 (IBM Corp., Armonk, NY, USA). Two-tailed values of P < 0.05 were considered statistically significant.
Results
Patient characteristics
Sixteen patients were enrolled in the study, including 10 men, and the median age was 58 years (range 39-73) ( Table 1) . Ten patients had adenocarcinoma, five had squamous cell carcinoma, and one had large cell neuroendocrine cancer. Follow-up chest CT after induction CRT resulted in lymph node downstaging, including a complete or partial response in 10 patients, whereas six had stable disease. None of the patients showed progressive disease on the follow-up chest CT and PET-CT.
Twelve patients had a right side tumor, and four had a left side tumor ( Table 2 ). EBUS-TBNA was performed at the same lymph node before and after CRT in nine patients. After CRT, five patients underwent rebiopsy that revealed fewer enlarged lymph nodes than in the initial EBUS. A biopsy was not performed on one patient because no lymph nodes were observed on EBUS. Nine patients, including four who achieved complete elimination of lymph nodes, showed decreased hypermetabolic lymph nodes after induction CRT.
Eight patients showed persistent metastatic N2 lymph nodes in the follow-up EBUS-TBNA, whereas eight showed downstaged N2 disease. Of the eight patients with persistent N2 disease, six received additional treatment and two underwent surgery. Complete or partial responses, observed via follow-up chest CT, were more frequent in patients with N2 clearance than in those with persistent N2 disease (N2 clearance 87.5% vs. N2 persistent 37.5%). Patients with N2 clearance had a higher rate of complete metabolic response (37.5% vs. 12.5%), whereas patients with persistent N2 disease had a higher rate of stable metabolic response (0.0% vs. 25.0%), according to PERCIST. Representative results of imaging studies, including chest CT, PET-CT, and EBUS before and after induction CRT in patients with and without nodal downstaging are shown in Figure 2 (Case 4) and 3 (Case 12). The Case 4 patient with nodal downstaging showed a markedly decreased number of metastatic lymph nodes on the follow-up CT scan after induction therapy (Fig 2a,b) . On the follow-up PET-CT, the metastatic left lower paratracheal lymph nodes showed a complete metabolic response, and the primary lung mass was greatly decreased (Fig 2c,d) . On EBUS images, the size of the metastatic right lower lymph node was also reduced (from 28 to 16 mm) after neoadjuvant CRT (Fig 2e,f) . However, the Case 12 patient with persistent nodal disease showed no significant change in metastatic lymph nodes on follow-up CT (Fig 3a,b) and PET-CT (Fig 3c,d ) scans taken after induction therapy. The metastatic subcarinal lymph node did not decrease significantly after induction therapy (from 25 to 20 mm) (Fig 3e,f) .
Eight patients with N2 clearance and two patients with persistent N2 disease confirmed by follow-up EBUS-TBNA underwent surgery, including eight lobectomies, one pneumonectomy, and one wedge resection. Six of the patients who underwent surgery were confirmed to have N2 involvement (Table 2) . Of these, two were preoperatively confirmed by EBUS-TBNA to have persistent N2 disease. Four patients with confirmed pathologic N2 disease received adjuvant therapy. The sensitivity, specificity, positive and negative predictive values, and accuracy of restaging using EBUS-TBNA in patients who underwent surgery were 33.3%, 75.0%, 66.7%, 42.9%, and 50.0%, respectively, similar to the findings of chest CT and PET-CT (Table 3) .
Recurrence and death
The median follow-up duration was 32.88 months (range 9.7-60.44). Recurrence occurred in eight patients: five had confirmed EBUS-positive lymph nodes and three did not. Of the 10 patients who underwent surgery, four developed recurrence. The most common recurrence was locoregional (5/8 cases), and the extra thoracic sites of recurrence included the brain (2/8 cases) and bone (1/8 cases). During the follow-up period, there were seven deaths: six were confirmed recurrences, and one patient died from an uncontrolled brain infection. No death occurred as a result of postoperative complications.
Progression-free survival outcomes
The three-year PFS and LRPFS rates were 47.4% and 67.3% for the entire cohort, respectively. The three-year PFS rates for patients with cleared and persistent lymph nodes observed in the follow-up EBUS-TBNA were 57.1% and 37.5%, respectively, and the difference was not statistically significant (P = 0.249) ( Table 4 , Fig 4a) . The LRPFS rates in patients with N2 clearance and in those with persistent N2 disease were 71.4% and 62.5%, respectively (P = 0.580) (Fig 4c) . We also analyzed the survival rate according to whether or not surgery was performed, regardless of the results of follow-up EBUS-TBNA. The three-year PFS of patients who underwent surgery and those who received definitive CRT were 56.3% and 33.3%, respectively, and the difference was not significant (P = 0.271) ( Table 4 , Fig 4b) . The three-year LRPFS in patients who underwent surgery and definitive CRT were 67.5% and 66.7%, respectively (P = 0.907) (Fig 4d) . There were no significant differences in LRPFS between the groups according to downstaging using EBUS-TBNA or surgery.
Discussion
The present study was a pilot study to evaluate the prognosis of multi-level N2 NSCLC patients after induction CRT. Because of the small number of participants, the only trend we found was better cancer-free survival in patients with nodal downstaging confirmed using EBUS-TBNA after neoadjuvant CRT. Surgery after induction CRT in patients with nodal downstaging also tended to improve cancer-free survival; however, this result was not statistically significant in our study. The role of surgery in multi-level N2 NSCLC patients remains controversial. Recent randomized controlled trials concluded that surgery does not improve survival in these patients because of the high rate of postoperative complications and surgical mortality. 15, 16 In a meta-analysis of published randomized trials of multimodality strategies for NSCLC, neoadjuvant chemotherapy and/or radiotherapy prior to surgical resection were not clinically superior to definitive CRT in N2 NSCLC patients. 1 However, because of the heterogeneity of stage IIIA N2 NSCLC, many patients with unresectable NSCLC were enrolled in the randomized trials and the rate of pneumonectomy was high. 15, 16 Although current NCCN guidelines recommend CRT as category one treatment for patients with stage IIIA N2 NSCLC, surgery after induction therapy is also recommended as an option for selected patients.
6 Although statistical significance was not reached in our study because of the small number of participants, patients with confirmed N2 clearance using EBUS-TBNA after induction therapy appeared to have a survival benefit from surgery compared to patients with persistent N2 disease who received definitive CRT.
Although multi-level mediastinal lymph node involvement is an adverse prognostic factor for survival in NSCLC patients with clinical N2 disease, 17, 18 several studies have shown that downstaging after induction therapy is associated with a better prognosis. 9, 17, 19, 20 Buenro et al. reported that the median cancer-free survival was significantly better in patients with N2 NSCLC who achieved complete remission after neoadjuvant therapy and surgery than in those whose disease was not downstaged (21.3 vs. 15.9 months; P = 0.023). 9 Katakami et al. also concluded that N2 NSCLC patients with downstaged cancer who underwent surgery after induction chemotherapy or CRT had significantly longer PFS than patients whose cancer was not downstaged after induction chemotherapy or CRT. 19 Ziel et al. demonstrated that patients treated with CRT show better threeyear PFS than those with residual nodal disease who undergo surgery, but a poorer prognosis than patients who achieve a nodal pathologic complete response after surgery. 20 Although the results of previous studies were based on downstaging according to pathologic nodal diagnosis after surgery, the PFS of patients who underwent preoperative EBUS-TBNA in our study was similar to that reported previously ( Table 4) .
The two patients without downstaging underwent surgery because downstaging was only detected in the followup chest CT and -FDG-PET-CT and repeat CT for restaging of N2 NSCLC patients do not provide sufficient data for the management of these patients because of their low sensitivity and a high false-negative rate, 10, 21 thus nodal biopsies are required. Repeat mediastinoscopy is a valuable procedure for mediastinal downstaging, but only in selected patients after induction therapy with high diagnostic accuracy; 22, 23 however, it is associated with high mortality and poor survival compared to primary mediastinoscopy, particularly in patients with persistent nodal disease. [21] [22] [23] The NCCN guidelines recommend the use of EBUS-TBNA for initial pretreatment evaluation and reserve mediastinoscopy for restaging because of the low accuracy of repeat mediastinoscopy, which is attributed to the presence of adhesions in patients receiving neoadjuvant therapy. 6 The guidelines of the European Society of Thoracic Surgeons recommend that both EBUS-TBNA and mediastinoscopy can be used for restaging; however, endoscopic techniques appear to be beneficial in patients with positive biopsy results. 24 Several recent studies have demonstrated that repeat EBUS-TBNA is superior to mediastinoscopy, providing higher sensitivity and lower invasiveness for reevaluating mediastinal lymph node status, despite a low negative predictive value.
12-14 Herth et al. concluded that EBUS-TBNA for restaging of stage IIIA-N2 NSCLC in patients who had received neoadjuvant therapy is accurate for predicting the absence of metastatic nodes (sensitivity 76%, specificity 100%, diagnostic accuracy 77%).
14 In the present study, the indication for surgery was determined after confirming downstaging with EBUS-TBNA after induction CRT. The three-year PFS was longer in patients who underwent surgery than in those who received definitive CRT, although two cases that were not downstaged in follow-up EBUS-TBNA were also treated with surgery (56.3% of patients who underwent surgery after induction CRT vs. 33.3% of those receiving definitive CRT).
The sensitivity and accuracy of EBUS-TBNA in the present study were lower than those described in previous studies (sensitivity 33.3% [present study] vs. 76% [Herth et al.] vs. 50% [Nasir et al.] vs. 88% [Um et al.] ; accuracy 50.0% vs. 77% vs. 89% vs. 93%, respectively). [12] [13] [14] Ten patients suspected of downstaging in EBUS-TBNA or imaging studies were analyzed for diagnostic performance; therefore, those who showed disease progression were effectively excluded. In addition, they all received induction CRT; thus, it could be more difficult to discriminate malignancy from necrotic cells.
The present study had several limitations. This was a single center prospective pilot study, and a small number of patients were enrolled. Although the three-year PFS in this study was similar to rates reported previously, it is highly likely that the small number of patients led to the lack of statistical significance. In addition, some cases with downstaged N2 disease were treated with additional therapy after surgery because of remnant nodal disease in the pathologic diagnosis, which may have affected survival. In addition, the relatively short follow-up duration was a limitation. However, considering that N2 downstaging in follow-up EBUS-TBNA resulted in a trend toward a better prognosis, the results of our study suggest that additional large-scale studies would be worthwhile to prove statistical significance.
In conclusion, cancer-free survival according to restaging using EBUS in multi-level N2 NSCLC patients with induction CRT was not significantly different between patients who underwent surgery and those who received definitive CRT. However, considering the small number of subjects in our study, we found that surgery could be beneficial for patients with confirmed nodal downstaging using EBUS-TBNA, which is a less invasive and highly accurate procedure. Further multi-center large-scale trials are needed to confirm our results.
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